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for Forage Sorghum Silage 1 , 2 , 3
Mark Hinds, John Brethour4 ,
and Keith Bolsen
Inoculant and Urea-molasses Additives
Summary
Inoculant (1177 in one trial) and non-protein nitrogen (LSA-100 in two
trials) silage additives were evaluated with whole-plant forage sorghum silage.
Steers  fed LSA-100 s i lage gained fas ter  than s teers  fed control  s i lage
supplemented with soybean meal (4.8% in trial 1; 12% in trial 2). Feed conversion
was improved 11% in trial 1 and was similar to the control silage in trial 2.
Silage inoculated with 1177 supported rates and efficiencies of gain similar to
the control silage.
Of the nitrogen added from LSA-100, 90.9% in trial 1 and 86.2% in trial 2
was recovered from the concrete stave silos. Dry matter recoveries averaged 6.0
percentage units less for LSA-100 silages than controls, however 1177 increased
recovery by 2.65 units. In general, silage from the bottom half of each silo was
far more stable in air than that from the top half.  The additives did not
consistently affect aerobic stability.
In Kansas, forage sorghum silage is often the main component in cattle
growing ra t ions .  Improved hybrid  forage sorghum var ie t ies  can produce
comparable dry matter yields to corn, with less fertilizer and moisture. In a
previous trial, an inoculant additive improved dry matter recovery of forage
sorghum silage while a non-protein nitrogen additive improved rate and
efficiency of gains over the control silage fed with soybean meal (Progress
Report 413, Kansas Agriculture Expt. Station). The two trials reported here
continued our evaluation of inoculant and NPN additives for forage sorghum
silage.
Introduction
Research was conducted jointly at the Hays Branch Experiment Station, Hays,
and
2
at Kansas State University, Manhattan.
Pioneer 1177® Silage Inoculant contains dried Lactobacillus plantarum
fermentation product and dried Streptococcus faecium fermentation product.
3 Pioneer Hi-Bred International, Inc., Des Moines, IA 50308.
LSA-100®  liquid feed (molasses, urea, phosphoric and sulfuric acids to
reduce pH to 3.0-3.2, ammonium polyphosphate, and trace minerals) contains
100% crude protein (not more than 99.5% non-protein nitrogen). Namalco, Inc.,
4 WilIow Grove, PA 19090.
Beef Research Scientist, Hays Branch Experimental Station, Hays.
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Experimental Procedure
Tr i a l  1 :  Fo rage  so rghum s i l ages  were  made  a t  t he  Hays  Branch
Experimental Station in September, 1981 using DeKalb FS 4 hybrid, direct-cut in
the medium-dough stage at 27 to 29% dry matter (DM). Treatments were control
(no additive), and LSA-100, applied by hand at the silage blower, at 36 lb per
ton of fresh crop. Silages were made in concrete stave silos (10 x 30 ft).
Dry matter losses during fermentation, storage, and feedout were measured
by accurately weighing and sampling all loads of fresh crop ensiled and later
weighing and sampling all silage removed from the silos. Ensiling temperatures
were monitored for the first 10 weeks.
About 225 lb of fresh crop was removed from each silo during filling, and
for each treatment, six plastic container silos (5 gallon capacity) were tightly
filled by hand. The containers were sealed by lids fitted with rubber O-ring seals
and Bunson valves, then transported immediately to Manhattan and stored in a
room at about 30 C.
Stave silos were opened after 70 days and the silage fed at a uniform rate
for the next 17 weeks. Silages were sampled weekly and cornposited to form a
biweekly sample for chemical analyses. The 5 gallon plastic silos were opened
approximately 210 days post-ensiling.
Thirty crossbred steers were fed at the Hays Station in a 122 day growth
trial (November 20, 1981 to March 21, 1982). The steers, averaging 500 lb, were
implanted with 36 mg of Ralgro and randomly allotted by weight, breeding, and
previous gains to the two silage rations, one pen of 15 steers per ration. One lot
was fed control silage ad libitum plus 1.83 lb of soybean meal (SBM) and .40 lb
of premix (DM basis). The other lot was fed LSA-100 silage ad libitum plus 1.39
lb of grain sorghum, .44 lb of SBM, and .40 lb of premix. Rations were mixed and
fed once daily and salt was available free-choice.
Average initial and final steer weights were on a pay-weight to pay-weight
basis. To allow for weight loss during the weighing day, the steers were weighed
collectively by pens, at the start of each weighing day and then weighed
individually. All individual steer weights were pencil shrunk 4.0% to obtain the
adjusted individual steer weights.
To measure aerobic stability, approximately 60 lb of fresh silage was
obtained from 3 ft below the surface in the center of each silo at three times
that corresponded to the top, middle, and bottom thirds of the silos. Those
samples were transported immediately to Manhattan where they were divided
into 4.0 lb lots and each lot was placed in an expanded polystyrene container
lined with plastic. A thermocouple wire was placed in the center of each
container and cheese cloth stretched across the top. Containers were stored at
18 to 20 C and the silage temperature was recorded twice daily. After a
designated number of days of air exposure, replicated containers of each silage
were weighed, mixed, and sampled and dry matter loss was determined.
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Trial 2: Forage sorghum silages were made at the Beef Research Unit in
Manhattan on October 23, 1981 using Pioneer 947 hybrid, direct-cut in the
hard-dough stage at 42 to 43% DM. Treatments were: 1) control (no additive); 2)
LSA-100 (40 lb per ton of fresh crop); and 3) Pioneer 1177 inoculant (1.0 lb per
ton of fresh crop). LSA-100 was poured over the top of each load of crop in the
front unloading forage wagons just prior to ensiling and 1177 was applied by
hand at the blower. Silages were made in three concrete stave silos (10 x 50 ft),
filled by the alternate-load method. Total harvest and filling time was 6 hours.
Dry matter losses during fermentation, storage, and feedout were measured
as described in trial 1. Ensiling temperatures were monitored for the first 5
weeks.
For each treatment, six 5 gallon plastic silos were prepared as described
for trial 1, except a hydraulic press was used to compact the fresh crop. In
addition, six nylon bags were filled with about 30 lb of crop and buried at each
of two depths in the concrete silos.
Stave silos were opened after 21 days and silage was fed at a uniform rate
for the following 8 weeks. Silage sampling procedures were the same as
described in trial 1. The plastic container silos were opened at 70 days
post-ensiling. The nylon bags were recovered approximately 10 and 45 days after
the stave silos were opened.
Thirty-six crossbred steers were individually fed in a 56 day growth trial
(November 9, 1981 to January 4, 1982). The steers, averaging 487 lb, were
implanted with 36 mg of Ralgro and allotted by weight to the three silage
rations (12 steers per ration). The rations were the appropriate silage fed ad
libitum plus 2.00 lb of SBM, .09 lb of rolled grain sorghum, .07 lb of limestone,
and .07 lb of premix (DM basis). In the LSA-100 silage ration, 1.61 lb of rolled
grain sorghum replaced an equal amount of SBM. Rations were mixed and fed
twice daily. All steers were weighed individually on 2 consecutive days, after 16
hr without feed and water, at the start and at the end of the growing trial.
To measure aerobic stability, silage was removed twice during the feeding
trial that corresponded to the top and bottom halves of the silos as described in
trial 1.
Trial 1: Chemical analyses of the two silages are shown in Table 13.1.
Both silages were well preserved and had undergone lactic acid fermentations.
The non-protein nitrogen in the LSA-100 silage caused it  to have lower
nitrogen-free extract (NFE) and hot water insoluble-nitrogen (HWIN) values; it
had higher  pH,  lact ic ,  acet ic ,  and tota l  fermentat ion acids  (TFA),  and
ammonia-nitrogen than control silage. The ammonia produced from the NPN may
have acted as a buffer and allowed more carbohydrate to be fermented to acids.
The addition of 35.7 lbs of LSA-100/ton of fresh crop raised the crude protein
(CP) content of the silage 4.36 percentage units above the original forage, a
90.9% recovery of the supplemental nitrogen.
Results and Discussion
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Ensiling temperatures are shown in Figure 13.1. The graph shows changes
from the initial forage temperatures and represents daily mean readings of three
thermocouples per silo. LSA-100 silage had the fastest temperature rise, peaked
at day 4, and plateaued at 7.5 C above its initial temperature for the first 30
days post-ensiling. Control silage peaked in 7 days and plateaued at 5.0 C above
its initial temperature for the first 40 days.
Steer performances are shown in Table 13.2. LSA-100 silage supported
4.8% faster gains than the control silage supplemented with SBM. Feed intake
was 5% less, but feed efficiency was 11% better for the LSA-100 silage.
The DM lost during fermentation, storage, and feedout was 2.45 percentage
units higher for the LSA-100 silage than the control (Table 13.3). Losses from
the 5-gallon silos were similar for the control and LSA-100 silages and lower
than losses  normal ly  expected in  large farm-scale  s i los .  Si lage in  these
experimental silos probably represents that which is produced under the ideal
conditions in the concrete silos, ie., near the center of the ensiled mass.
Shown in Table 13.4 are steer gains per ton of crop ensiled. These data
combine feedlot performance (Table 13.2) and silage recovery data from the
concrete silos (Table 13.3). LSA-100 silage produced 3.9 extra pounds of steer
gain per ton of ensiled crop.
Silage from the top third of both silos was unstable when exposed to air
(Table 13.5). In subsequent measurements, aerobic stability of both silages
increased but LSA-100 was still more stable than the control, as indicated by
less heating and lower DM losses during exposure to air.
Trial 2: Chemical analyses of the three silages are shown in Table 13.1.
All three silages underwent a restricted lactic acid fermentation, as indicated by
the relatively high pH and low lactic acid and TFA levels. LSA-100 silage had
the lowest lactic and highest acetic acid values. Acidity (pH’s) were numerically
similar for the control and 1177 silages, but LSA-100 silage was approximately
one pH unit less acid. The addition of 40.0 lb of LSA-100 per ton of fresh crop
raised the CP 2.23 percentage units above the original forage, a recovery of
86.2% of the supplemental nitrogen.
Ensiling temperatures increases are shown in Figure 13.2. LSA-100 silage
temperature increased through the entire monitoring period, reaching 28 C over
its initial temperature by day 18. The control and 1177 silages had much slower
increases in temperature, reaching a plateau of 10 to 15 C above initial
temperatures by day 12.
Steer performances are shown in Table 13.2. LSA-100 silage supported 12%
faster gains than the control and 16% faster gains than 1177 silage (P<.05). Feed
intake was highest (P<.05) for the LSA-100 silage. Feed efficiencies were
numerically and statistically similar for all three silage rations.
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The DM lost during fermentation, storage, and feedout was lowest for the
1177 silage and highest for the LSA-100 silage (Table 13.3). Five to six percent
of the DM ensiled was discarded as non-feedable spoilage when the silos were
opened. These high surface losses resulted from poor compaction and air
penetration due to the dryness of the ensiled forage. Dry matter losses from the
buried bags and 5-gallon silos were numerically similar for the three silage
treatments.
Shown in Table .4 are steer gains per ton of crop ensiled. These data
combine feedlot performance (Table 13.2) and silage recovery data (Table 13.3).
Compared with the control, LSA-100 sorghum silage produced 6.6 fewer pounds
and 1177 2.7 extra pounds of steer gain per ton of ensiled crop.
Silage from the top half of all three silos were highly unstable when
exposed to air (Table 13.6). The control silage from the bottom half was still
unstable, but the two additive silages were slightly more stable than the control
and LSA-100 silage was somewhat more stable than 1177 silage.
Table 13.1. Chemical Analyses of the Forage Sorghum Silages Made in Concrete
Stave Silos in Trials 1 and 21
Item
Silage, trial 1 Silage, trial 2
Control LSA-100 Control LSA-100 1177
Dry matter, %
pH
29.11 29.23 43.67 42.41 42.92
4.01 4.21 4.48 5.66 4.75
% of the DM
Crude protein 8.29 12.65 10.11 12.34 9.72
Crude fiber 22.28 22.38 19.04 20.71 20.58
Ether extract 2.05 3.23 3.35 3.61 3.77
Ash 8.15 8.20 6.72 7.13 7.26
NFE 58.21 53.54 60.79 56.22 58.67
4.98 5.50 2.99 2.68 3.13
3.07 3.28 1.28 2.30 1.28
.01 .01 .01 .01 .01
.04 .07 Trace Trace Trace
8.19 8.99 4.30 5.04 4.44






HWIN 61.02 43.77 67.74 62.58 69.69
Ammonia-N 4.59 20.77 2.10 38.11 4.99
1 Each value is the mean of nine composited samples in trial 1 and five
composited samples in trial 2.
Feed/lb of gain,
lb1 8.11
1 l00% dry matter basis.
Item
Table 13.2. Performance by Steers Fed the Forage Sorghum Silage Rations in
Trials 1 and 2
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Silage, trial 1 Silage, trial 2
Control LSA-100 Control LSA-100 1177
Number of steers 15 15 12 11 11
Initial wt., lb 500 503 484 487 493
Final wt., lb 711 712 582 598 587

























- - - - - - - - -
total 14.70 14.02 12.46b 13.49a 11.88b
7.22 7.23 7.21 7.18
2Trial 1 premix supplied 30,000 IU vitamin A, 300 mg monensin, 90 mg Tylan.
272  mg zinc per steer daily.
5 mg cobalt, 30 mg copper, 7 mg iodine, 150 mg iron, 100 mg manganese, and
3Trial 2 premix consisted of 56.9% salt, 34.5% tallow and 8.6% trace mineral
salt providing 30,000 IU vitamin A and 150 mg monensin per steer daily.
a,bMeans in the same row with different superscripts differ (P<.05) within trial.
Table 13.3. Forage Sorghum Silage Recoveries and Losses from the Concrete








silo type and silage
treatment










































1 Each value is the mean of six silos opened at 160 days post-ensiling.
2 Each value is the mean of six bags, except LSA-100 which is the mean of
four bags.
3 Each value is the mean of six silos opened at 70 days post-ensiling.
Accumulated temp.2 DM loss3






Table 13.5. Forage Sorghum Silage Temperature Changes and Losses of Dry
Matter During Air Exposure in Trial 1
Silage Day of initial
location rise above
in silo ambient  temp.1
Maximum
temp.2 Days of air exposure
Top Third:
Control 2 42.4 19.6 60.9 71.5 2.33 11.11 --
LSA-100 47.0 27.4 61.6 73.9 7.92 16.18 --
Accumulated temp. DM loss
3 9 22 3 9 22Middle Third
Control 3 42.9 4.25 76.3 -- 1.18 11.77 --
LSA-100 * * * * * 3.27  4.09
40.0 0 43.1 97.1 <1.0 2.92 8.73
23.0 0 1.4 11.8 <1.0 <1.0 <1.0
Control 6
LSA-100 9
11.7 C rise or higher.
2 Centegrade





Table 13.6. Forage Sorghum Silage Temperature Changes and Losses of Dry Matter
During Air Exposure in trial 2
Silage Day of initial Days of air exposure 1
location rise above
in silo ambient temp.1
Maximum Accumulated temp. 2 DM loss 3
temp.2 2 4 8 2 4 8
Top Half:
Control 1 50.8 24.1 71.2 133.2 3.57 10.38 --
LSA-100 1 40.7 25.2 53.0 76.5 4.45 9.80 --
1177 1 43.8 18.9 59.7 114.4 4.52 8.72 --
37.4 19.6 52.8 86.9 3.24 9.06 --
4 34.5 <1.0 2.5 33.7 1.20 4.07 --





1 1.7 C rise or higher.
2 Degrees Centegrade.
3 % of DM exposed.






1599.6 1519.8 1687.8 1524.4 1740.8
Silage/lb






ensiled, lb 59.2 63.1 70.0 63.4 72.7
1 Values are adjusted to the same dry matter content for each silage, 30%.
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Figure 13.1. Temperature rise above initial forage ambient for the two forage
sorghum silages in trial 1.
Figure 13.2. Temperature rise above initial forage ambient for the three forage
sorghum silages in trial 2.
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Commercial Culture and Inoculant Additives
for Alfalfa and Whole-Plant Corn Silages1
Mark Hinds, Keith Bolsen,
Harvey Ilg and George Milliken2
Summary
Experimental 5 gallon plastic silos were used in three trials to evaluate
these alfalfa and corn silages: 1) control (no additive); 2) CULBAC®  culture;
3)  McNess ® inoculant; 4) SILA-GREEN   inoculant; and 5) Biomax S I ®®
inoculant. Two silos per treatment were opened on days 1, 2, 4, 7, 14, and 56
post-ensiling in trial 1 (alfalfa) and trial 2 (corn) and the changes that occurred
during the ensiling process were compared by using nonlinear models. Only
56-day silages were evaluated in trial 3 (alfalfa). All silages were of acceptable
quality. The four culture/inoculant additives had no consistent effects on 56-day
end-product silages in the three trials or the ensiling dynamics in trials 1 and 2.
Aerobic  s tabi l i ty  of  corn  s i lage  was  enhanced by the  cul ture / inoculant
treatments, while all 10 alfalfa silages were highly stable in air, regardless of
treatment.
Introduction
In our previous trials,  enzyme, inoculant,  and non-protein nitrogen
additives have generally improved corn, sorghum, or alfalfa silages in farm-scale
silos (Report of Progress 413, Kansas Agricultural Expt. Station). So many
commercial silage additives are available that it  is almost impossible to
determine their effectiveness, using the limited number of farm-scale silos at
most universities. By using laboratory-scale, experimental silos, more treatments
can be studied, each treatment can be replicated several times, smaller amounts
of crop are needed, the entire contents of a silo can be sampled, and silos can
be opened at various time intervals.
In the following trials, an experimental silo we developed was used to
evaluate four culture/inoculant additives for alfalfa and whole-plant corn silages.
Silos were opened at various times to follow the changes during the ensiling
process.
1Partial financial assistance was provided by TransAgra Corp., Memphis, TN
38138; Furst-McNess Co., Freeport, IL 61032; Casey Products, Inc., St. Joseph,
MO 64501; and Chr. Hansen’s Laboratory, Inc., Milwaukee, WI 53214.
2Department of Statistics, Kansas State University, Manhattan.
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Experimental Procedures
The experimental silo was a plastic container (5 gallon capacity) made
air-tight by a lid fitted with a rubber 0-ring seal and Bunson valve. The silos
were packed with a hydraulic press, which permitted all silages to be made at
similar densities.
The alfalfa and corn silage treatments compared were: 1) control (no
additive); 2) CULBAC culture from TransAgra Corp.; 3) McNess inoculant from
Furst-McNess Co.; 4) SILA-GREEN from Casey Products, Inc.; and 5) Biomax
S I from Chr. Hansen’s Laboratory, Inc. Additive rates were those recommended
by the manufacturers. CULBAC, McNess, and SILA-GREEN were applied as dry
products; Biomax was applied in a solution of de-ionized water.
Trial 1. Alfalfa silages were made on July 16, 1981, from 3rd cutting,
pre-bloom alfalfa  f rom a s ingle  f ie ld .  The alfalfa  was swathed with a
mower-conditioner at 9 AM and approximately 1.5 tons were harvested at 1 PM
on the same day at about 35% dry matter (DM). For each treatment, 500 lb of
alfalfa was put into a Harsh Mobile Mixer and, after the additive had been
applied, mixed for 10 minutes. Twelve plastic-container silos then were filled
with 26 lbs of alfalfa each (32.5 lb per cubic ft). The order of applying the
additives was selected at random; between treatments the mobile mixer was
thoroughly cleaned with a chlorine solution and rinsed. In less than 2 hr, all 60
silos had been filled, sealed, weighed, and stored in a room at 32 C. Samples of
pre-treated alfalfa were taken from each treatment and chilled immediately in
liquid nitrogen to reduce the effect of plant respiration upon initial chemical
composition.
Two silos per treatment were opened on days 1, 2, 4, 7, 14, and 56
post-ensiling.
Aerobic stability (bunk life) of each 56-day silage was measured in
triplicate by procedures described on page 32 of this Progress Report.
Trial 2. Whole-plant corn silages were made on August 26, 1981, from
late-dent, 35 to 36% DM corn from a single field. Procedures were similar to
those in trial 1. Each silo was filled with 28.5 lb of corn plant material (35.6 lb
per cubic ft).
Trial 3. Alfalfa silages were made on June 24, 1982, from 2nd cutting,
pre-bloom alfalfa. Procedures were similar to those in trial 1. There were six
silos per treatment and all silos were opened at 56 days post-ensiling.
Statistical Analyses. The 56 day, end-product silages were analyzed by
one-way analysis of variance. In trials 1 and 2 a nonlinear estimation procedure
and model comparison technique were used to describe how silage characteristics
changed during the ensiling process.
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Results
Dry matter recoveries, chemical analyses, and aerobic stabilities of the
alfalfa and corn silages at 56 days are shown in Tables 14.1, 14.2, and 14.3.
In trial 1, all five silages were well preserved and free of mold or
spoilage. pH was lowest for CULBAC and McNess silages; butyric acid, highest
for SILA-GREEN and Biomax silages; and hot water insoluble nitrogen (HWIN),
lowest for control silage. Lactic acid and ammonia nitrogen values were similar
in all silages. Acetic acid values were exceptionally high in all five silages. Dry
matter loss was highest for control silage (9.83%), and three additives (CULBAC,
SILA-GREEN, and Biomax) significantly decreased DM loss. These lower losses
for Sila-Green and Biomax silages are not consistent with their high butyric acid
levels. The higher HWIN values in the four treated silages suggest that they
contained more nitrogen as “true protein” than the control silage. All five silages
were highly stable and showed no signs of spoilage during 14 days of air
exposure.
In trial 2, all five corn silages were well preserved and had undergone
normal lactic acid fermentations. Control and McNess silages had the lowest pH;
Biomax silage, the highest lactic acid; control silage, the lowest acetic,
propionic, and total acids; and control silage, the lowest ammonia-nitrogen. Dry
matter loss was highest for control silage (11.42%), but only Biomax reduced DM
loss significantly. Although significant differences occurred between the control
and the four treated silages for silage quality measurements, these differences
were small and reflect the high quality of all five silages. All four
additive-treated corn silages were highly stable in air, but the control silage
became unstable on the 2nd and 3rd day.
In trial 3, all five alfalfa silages were well preserved and, as indicated by
chemical analyses, had undergone more efficient and desirable fermentations than
alfalfa silages in trial 1. Silages in trial 3 had lower DM losses, higher lactic
acid values, lower amounts of acetic, propionic, and butyric acids, and lower
pH’s than silages in Trial 1. None of the four culture/inoculant additives
significantly reduced the DM loss or improved the chemical composition when
compared with control silage in trial 3. As in trial 1, all five alfalfa silages were
highly stable in air.
Figure 14.1 shows curves of DM loss, developed from the mathematical
models. When compared with the control silage, CULBAC silage lost less DM
from days 7 to 30; SILA-GREEN silage, from days 2 to 36; and Biomax silage,
from days 8 to 20. Although one-way analysis of variance (Table 14.1) indicated
that these three additives lowered the DM loss in the 56 day silages, the models,
which also considered the data at earlier periods, show DM losses were similar
for all five silages. The DM loss curves for control and McNess silages were
never different during the ensiling period. None of the other 12 models tested
gave significant differences between curves for control and any of the four
treated silages in trials 1 and 2.
42




Nonlinear modeling may be useful in describing the dynamics of silage
fermentation. In trials 1 and 2, only alfalfa DM loss showed significant
differences in the estimated models, when control silage was compared
with each of the treated silages.
Table 14.1. Dry Matter Losses and Chemical Analyses of the Alfalfa Silages in
Trial 1 at 56 Days Post-ensiling 1
Silage treatment
Control CULBAC McNess SILA-GREEN Biomax
33.8
.53 b
9 . 6 8 9.70 a b
pH 5.36 c 5.17 a 5.19a 5.34b 5.38d
1 Each value is the mean of two silos.
a b c d
Values on the same line with different superscripts differ (P<.05).
2 .21
6.67b c







9.23 b c 8.56 a b  8.73a b
20.30 20.12 19.95
9.83 c 8.28 a
 % of the silage dry matter
20.35 20.00




.19 a. 2 2b
.08 a
10.67 b





34.8 34.8 35.8 34.9 36.5
31.9 32.5 33.1 32.6



















Aerobic stability of corn silage was enhanced by the culture/inoculant






. 0 8 a
a b 9.41
The four culture/inoculant additives had no consistent effect on 56 day,
end-product silages or the dynamics of the ensiling process.
In  t he  56  day  s i l ages  t he re  were  s eve ra l  s t a t i s t i c a l l y  s ign i f i can t
differences. However, the magnitude of these differences was relatively
small and, in most instances, not readily explainable.
Item
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Table 14.2. Dry Matter Losses, Chemical Analyses, and Aerobic Stability of the
Corn Silages in Trial 2 at 56 Days Post-ensiling
I t e m
Silage treatment
Control CULBAC McNess SILA-GREEN Biomax
 % of the dry  matter  ensiled 
l l .42 b 10.86 b 11.10b 10.76 a b 9.74a
37.15 36.10 37.30 35.95 35.85
33.16 32.62 33.57 32.60 32.78
 % of  the silage dry  matter 
6.28 a b 6.30 a b




5 . 8 3b 5.77 b 3.82a b
.03 a .51c . 4 0 b c .48 c .33b
.07 none none .04 n o n e







% of the total nitrogen 
6.9 a 10.5 c 9.4 b c 9.5 b c  8.7bAmmonia-nitrogen
Hot water insol.
nitrogen 45.3 40.9 43.6 44.4 42.7
3.81a b 4.08c 3.89a b 4.03 c 3.97 b cpH
Day of initial
temperature rise
above ambient 2 3.0 * * * *
Max. temperature, C 50 * * * *
22.65 <1.0 <1.0 1.12 2.49
Dry matter loss
after 7 days3
1Each value is the mean of two silos.
2 1.7 C rise of higher.
3% of the dry matter exposed to air.
* No rise in temperature occurred.
a b c





Table 14.3. Dry Matter Losses, Chemical Analyses, and Aerobic Stability of the
Alfalfa Silages in Trial 3 at 56 days Post-ensiling
Silage treatment
Control CULBAC McNess SILA-GREEN Biomax
36.3 36.3 36.0 35.8 35.9
34.1 34.1 33.8 33.8 33.8
 % of the dry matter ensiled
7.96 7.80 7.74 7.53 7.88









.10 a .10 a .11 a .12 a .17 b
.04 .01 .01 .02 .05
10.03 10.23 10.20 9.76 9.73
  % of the total nitrogen
16.0 15.1 15.1 15.5 14.5



















13.0 * 13.5 12.7 *
30 * 3 4 51 *
5.0 <1.0 5.0 5.0 <1.2
Max. temperature, C
Dry matter loss
after 14 days 3
1 Each value is the mean of two silos.
2 1.7 C rise of higher.
3 % of the dry matter exposed to air.
* No rise in temperature occurred.
a b
Values on the same line with different superscripts differ (P<.05).
Item
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C O N T R O L
. . . . C U L B A C
- - - - - - M C N E S S
- - - S I L A - G R E E N
B I O M A X  S  I
DAYS POST-ENSILING
Figure 14.1. Model response curves for alfalfa silage dry matter loss
dynamics (0-56 days) in trial 1
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Whole-plant Forage, Grain or Non-heading Sorghum
Silages, Cornlage, and Feed Flavor Supplements
for Growing Calves 1,2
Keith Bolsen, Harvey Ilg, Ron Pope,
Mark hinds, and Jim Hoover
Summary
Four whole-plant silages produced in 1981 and 1982 were evaluated using
176 calves in two growing trials. Based on comparative rates and efficiencies of
gain, feeding values were 115, 100, 78.5, and 62 for the cornlage, grain sorghum,
forage sorghum, and non-heading sorghum silages, respectively. The poorer values
for the forage and non-heading silages were due, in part, to low feed intakes.
Rolling the grain and forage sorghum silages to break 85% to 95% of the kernels
did not improve their value, and the good performance by calves suggests that
the whole grain was well utilized.. A feed flavor supplement, Omniflavor, did not
improve performance in trial 1 but did increase rates and efficiencies of gain in
trial 2,
Introduction
Sorghum silages are often the major energy feeds in cattle growing rations,
but limited information is available concerning nutritional values of today’s
improved hybrids. Also, we had not previously compared non-heading sorghum,
grain producing forage sorghum, or grain sorghum-types with corn silage. This
was one objective of these trials.
Previously, research a t  the  Hays Branch Expt .  Sta t ion showed that
processing forage sorghum silage did not improve its feeding value. However,
research at Manhattan showed that the value of grain sorghum head-chop silage
was significantly improved by processing to break 95% of the kernels. A second
objective was to compare processed and unprocessed sorghum silages.
Cattle feeders frequently see low dry matter intakes with sorghum silages,
especially those that are high in moisture or low in digestibility. Flavor
compounds are sometimes used in the feed industry to improve palatability or
acceptability of a feed. A third objective was to evaluate the effect of a
commercial feed flavor on intake and utilization of silage rations by growing
calves.
1 The feed flavor was Ultra Sweet Livestock Omniflavor, produced by
Agrimerica, Inc., Northbrook, IL 60062.
2 Partial financial assistance was provided by Agrimerica, Inc. and A.O. Smith
Harvestore Products, Arlington Heights, IL 60006.
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Experimental Procedures
Trial 1. Three whole-plant silages were made in the fall of 1981: 1)
Dekalb FS-25A+forage sorghum; 2) Ferry-Morse 81 grain sorghum; and 3)
Ferry-Morse 3020 corn. The harvest dates, dry matters (DM), and grain yields of
the three crops are shown in Table 15.1.
Table 15.1. Crops, Harvest Dates, Dry Matter Contents, and Yields, Trials 1 and 2
Trial and crop Harvest dates
Dry matter
at harvest Grain yield Forage yield’
Trial 1: 1981 % bu/acre tons/acre
Forage sorghum Sept. 23, 25, and 28 35.0 73e --
Grain sorghum Sept. 16 and 17 37.0 124e --
Corn Sept. 1, 4, and 7 54.4 153e --
Trial 2: 1982
Non-heading Oct. 4 23.8 -- 24.3a
Forage sorghum Sept. 23 31.0 84e 21.1a
Grain sorghum Sept. 20 36.6 110e 18.1a
1Adjusted to 30% dry matter.
a Actual.
e Estimated.
All crops were direct-cut using a Field Queen forage harvester equipped
with a 2-inch recutter screen. About 80 to 85% of the sorghum and corn kernels
remained whole. Both sorghums were ensiled in 16 x 50 ft concrete stave silos.
The corn was ensiled in a 14 x 40 ft Harvestore® . The cornlage was also used in
another trial (see page 54 of this Progress Report). All three structures were
opened during the 1st week of January, 1982.
Five silage rations were compared: each of the three silages fed without
further processing (whole), and the forage and grain sorghum silages fed after
processing through a Roskamp roller mill to break 85 to 90% of the kernels
(processed). Each silage ration was fed to 16 Hereford, Simmental, or Hereford x
Angus steer and heifer calves (four pens of four calves per ration). In addition,
two pens per silage ration received a supplement containing feed flavor
(Omniflavor) at 4.0 lb per ton of complete ration (DM basis). Another two pens,
received a control supplement. Each silage was full-fed with 2.0 lb of supplement
per calf daily. Rations were formulated to provide 12.5% crude protein (DM
basis), 150 mg of monensin per calf daily, and equal amounts of calcium,
phosphorus, and vitamin A. The growing trial was 84 days (January 20 to April
20, 1982).
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For the 6 weeks before the trial began, all the calves were fed
free-choice prairie hay and 3 lb of rolled milo plus soybean meal concentrate.
All calves were weighed individually on 2 consecutive days after 16 hr without
feed or water, at the start and at the end of the trial,  Prior to the final
weighings, all calves were fed the same amount of feed (about 10 lb of DM).
Intermediate weights were taken before the A.M. feeding on days 28 and 56. The
calves were implanted with 36 mg of Ralgro at the start of the trial.
Samples of each silage were taken twice weekly. Feed intake was recorded
daily for each of the 20 pens and the quantity of silage fed adjusted daily to
assure that fresh feed was always in the bunks. Feed not consumed was removed,
weighed, and discarded as necessary.
Trial 2. Three whole-plant silages were made in the fall of 1982: 1) G
1990 non heading hybrid forage sorghum (non-heading sorghum); 2) Pioneer 947
forage sorghum (forage sorghum); and 3) Dekalb E 67 red grain sorghum (grain
sorghum). The harvest dates, DM contents, grain, and forage yields are shown in
Table 15.1.
All crops were harvested as described in trial 1. The non-heading sorghum
and forage sorghum were ensiled in 10 x 50 ft, and the grain sorghum in a 16 x
50 ft concrete stave silo. The silos were opened on November 18 and 19, 1982.
Four silage rations were compared: each of the three silages fed without
further processing, and grain sorghum silage fed after rolling to break about 95%
of the kernels. Each silage ration was fed to 16 Angus, Angus x Hereford, Angus
x Simmental, and Hereford x Simmental steer calves (four pens of four calves per
ration). In addition, two pens  per  s i lage ration received an Omniflavor
supplement (4.4 lb per ton of ration DM for the first 2 weeks, then 2.2 lb per
ton for the remaining 6 weeks). Another two pens received a control supplement.
The growing trial was 56 days (November 20, 1982 to January 15, 1983).
Four pens of four calves were also fed each of two additional Pioneer 947
forage sorghum silages, one treated with a silage additive and one urea-treated.
Two pens from each silage received the Omniflavor supplement, and two pens the
control. Rations were formulated, fed, and calves weighed as in Trial 1, except
calves were fed hay and concentrate for only 3 weeks before the trial began.
In both trials, statistical analysis showed no interaction between the silage
rations and supplement treatments. Therefore, results for silages and supplements
are presented seperately within each trial.
Results and Discussion
The seven silages in the two trials were well preserved and free of visable
mold, spoilage, or seepage.
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Trial 1. Performance of calves receiving the three whole-plant silages are
shown in Table 15.2. Cornlage produced the fastest gains and highest intakes
(P<.O5); forage sorghum, the slowest gains and lowest intakes (P<.O5). Grain
sorghum silage and cornlage had better feed efficiencies than the forage sorghum
silage. For both forage and grain sorghums, calves fed the processed silages
gained slightly fas ter  and consumed s l ight ly  more  feed than those  fed
unprocessed silages (Table 15.3). Processing increased feed efficiencies by only
4.4 and 1.2% for the forage and grain sorghum silages, respectively.
Eighty-four day performances by calves fed the control and Omniflavor
supplements were nearly identical (Table 15.4). As the trial progressed, calves
receiving Omniflavor tended to consume less feed than those not receiving it
and, thus, had slightly better feed conversions.
Trial 2. Performances by calves fed the four silages are shown in Table
15.5. The two grain sorghum silages gave the fastest gains and highest intakes
(P<.O5); non-heading sorghum silage, the slowest gain and lowest intake (P<.O5).
Performance by calves fed forage sorghum silage was intermediate, except calves
fed forage sorghum made 3.3% more efficient gains than those fed grain sorghum
silage. Processing the grain sorghum silage did not improve calf performance.
The Omniflavor supplements improved rates and efficiencies of gain over
the controls throughout the trial (Table 15.6). Although feed intakes were
similar, calves fed Omniflavor were 8.5 and 6.9% more efficient at 28 and 56
days, respectively.
Processing the sorghum silages in these two trials did not significantly
improve their nutritional values. Although cattle feeders often express concern
about how effectively the sorghum grain is digested from whole-plant silages, the
good performance by calves in these trials suggests that the grain was well
utilized. Also, high DM intakes (except for the non-heading silage) and mild
weather contributed to fast and efficient gains. Some compensatory gain may
have occurred, since the pre-trial hay + grain rations were rather low in energy.
But weighing procedures used should have prevented excessive fill from biasing
the gains upward.
The grain and forage yields of the crops are shown in Table 15.1. Silage
yields were not obtained in 1981. The two growing seasons were favorable in
Manhattan and contributed to the high grain content in the whole-plant silages.
Grain made up 31.4 and 47.9% of the silage dry matter in the forage and grain
sorghum silages in 1982.
Relative feeding values for the whole-plant silages were compared by
assigning a value of 100 to the grain sorghum silages, based on comparative rates
and efficiencies of gain. Cornlage had a relative feeding value of 115 and this
probably reflects its higher grain content. Forage sorghum silage had a feeding
value of 78.5 in trial 1 and 94.0 in trial 2. A major contributing factor was a
20% lower feed intake. The non-heading sorghum silage had a feeding value of
only 62.0, which was likely the result of its extremely low feed intake and very
high moisture content. Calves fed the non-heading silage consumed 29 and 43%
less DM than those fed forage and grain sorghum silages, respectively.
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The feed flavor, Omniflavor, did not improve calf performance in trial 1
but did increase rates and efficiencies of gain in trial 2. In previous trials with
feeder lambs, feed flavor supplements have consistently improved feed efficiency
without affecting feed intake (Report of Progress 387, Kansas Agriculture Expt.
Station). The slightly reduced intake of the Omniflavor rations in trial 1 may
have been because the flavor was used at a higher average rate than in trial 2.
Additional trials are needed to determine the effect of combinations of feed
flavors and their use rates on performance of growing cattle fed silage-based
rations.
Table 15.2. Overall Performance by Calves Fed the Three Whole-plant Silages,






No. of calves 32 32 16
Initial wt., lb 418
Final wt., lb 546
Avg. daily gain, lb 1.53c
Avg. daily feed, lb1




Silage dry matter, % 34.0 36.3 54.2














a b cValues with different superscripts differ significantly (P .05).
1 100% dry matter basis.
2Based on comparative rates and efficiencies of gain, with performance by
calves fed grain sorghum silage given a value of 100.
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Table 15.3. Overall Performance by Calves Fed the Four Sorghum Silage
Rations, Averaged Across the Two Supplements (Trial 1)
Item
Forage sorghum Grain sorghum
silage silage
Whole Processed Whole Processed
No. of calves 16 16 16 16
Initial wt., lb
Final wt., lb.
Avg. daily gain, lb
Avg. daily feed, lb 1
Feed/lb of gain, lb 1
a b cValues with different superscripts differ significantly (P<.05).
1
418 418 412 416
542 550 596 611
l.48b l.57b 2.19 a 2.32 a
11.61b 11.72b 15.11 a 15.75a
7.83 b 7.48b 6.88a 6.80 a
100% dry matter basis.
Table 15.4. Performance at 28, 56, and 84 Days by Calves Fed the Control an
Omniflavor Supplements, Averaged Across the Five Silages (Trial 1)
Item
0 to 28 days
Omni-
Control flavor
0 to 56 days 0 to 84 days
Omni- Omni-
Control flavor Control flavor
Avg. daily gain, lb 1.96 1.94 2.13 2.13 2.06 2.05
Avg. daily feed, lb2 12.15 12.03 13.37 13.15 14.35 13.98
Feed/lb of gain, lb2 6.29 6.30 6.35 6.28 7.10 6.97
1 10 pens of four calves/pen were fed each supplement.
2 100% dry matter basis.
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Table 15.5. Performance by Calves Fed the Four Silage Rations, Averaged Across
the two Supplements (Trial 2)
Item
S i l a g e
G r a i n  s o r g h u m
Non-heading Forage sorghum whole processed
No. of calves 16 16 16 16
Initial wt., lb
Final wt.., lb
Avg. daily gain, lb
Avg. daily feed, lb 1




















Silage dry matter, % 22.0 30.7 35.9
S i l a g e  C P ,   % 7.5 9.0 9.5 9.5
a b cValues with different superscripts differ significantly (P<.05).
1100% dry matter basis.
Based on comparative rates and efficiencies of gain, with performance by calves
fed grain sorghum silage given a value of 100.
Table 15.6. Performance at 28 and 56 Days by Calves Fed the Control and
Omniflavor Supplements, Averaged Across the Six Silages (Trial 2)
1
Item
0 to 28 days 0 to 56 days




453 453 453 453
496.6 500.6 -- --
-- -- 542.3 548.8
Avg. daily gain, lb 1.56 1.70 1.60 1.71
Avg. daily feed, lb2 11.15 11.10 12.23 12.28
Feed/lb of gain, lb2 7.49 6.85 8.08 7.52
1 12 pens of four calves/pen were fed each supplement.
100% dry matter basis.
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Additive-treated Corn Silage, Harvestore Cornlage, and
Sodium Bicarbonate Supplement for Yearling Steersl
Steve Soderlund, Keith Bolsen,
Harvey Ilg, and Jim Hoover 
Summary
Steers fed Silo Guard II® treated corn silage gained 3.5% faster and were
8.3% more efficient than those fed the control silage. Cornlage (54% dry matter
corn silage in an oxygen-limiting structure) produced numerically slower and less
efficient gains than either treated or untreated silage, but differences in silages
were not statistically significant. Steers fed sodium bicarbonate throughout the
trial consumed 8.5% more silage, gained 14% faster (P<.05), and were 3% more
efficient than those not fed bicarbonate; performance of steer fed bicarbonate
for the first half of the trial was intermediate. Steers fed cornlage had a higher
rumen fluid acetate:propionate ratio (P<.05) than those fed the control or Silo
Guard II silages but there were no significant differences due to bicarbonate in
rumen fluid volatile fatty acids.
Silage DM recoveries and aerobic stabilities were similar for the control
and Silo Guard II silages. Cornlage was less stable in air than the other two
silages.
Introduction
Calves fed high silage rations generally consume less dry matter than
calves fed hay. Research conducted at the Hays Branch Experiment Station
(Kansas Agriculture Expt. Sta. Bull. 556) showed that steers fed sorghum silage
rations supplemented with 100 gm of sodium bicarbonate (NaHCO3) consumed 4%
more dry matter and gained 8% faster than steers not receiving bicarbonate.
Similar results were reported by South Dakota researchers; however, they found
that the effect of bicarbonate was not sustained, suggesting that maximum
benefit from bicarbonate may be in the early silage feeding period. To find out
how long its effect lasts, we evaluated bicarbonate supplements for calves fed
corn silage for 4 or 8 week periods. Additional objectives were to continue our
evaluation of commercial additives for corn silage and to compare the nutritional
value of early-harvested corn silage made in a stave silo with late-harvested
cornlage made in a Harvestore.
Experimental Procedures
Three whole-plant corn silages made in the late summer, 1981 were
compared: 1) ensiled in a concrete stave silo with no additive (control); 2)
ensiled in a concrete stave silo with Silo Guard II®  applied at 1.0 lb per ton of
fresh crop (Silo Guard II); and 3) ensiled in a Harvestore without an additive.
1 Silo Guard II is an enzyme and its co-factors, produced by International
Stock Foods, Inc., Waverly, NY 14892. Partial financial assistance were provided
by International Stock Foods, Inc. and A.O. Smith Harvestore Products,
Arlington Heights, IL 60006.
Results
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(cornlage). The corn, Ferry-Morse 3020, was grown under irrigation near
Manhattan. Its grain yield was 153 bushels per acre. Harvest began on August 19
using a Field Queen harvester adjusted to a 3/8-inch chop length. To reduce
variation among silages, a similar number of rows from each area in the field
was used to fill each structure.
The control and Silo Guard II silages were made on August 19, 20, 21, and
24 in two 14 x 60 ft silos which were filled by the alternate load method. The
corn was in the dent stage of maturity. Silo Guard II was applied in a dry,
granular form with a continuous-feed applicator attached to the silage blower.
Average dry matter (DM) of the crop was 40%. Six plastic container silos and
three nylon bags were filled with fresh crop while filling each concrete stave
silo. Details of the procedures are on page 32 and 33 of this Progress Report.
The cornlage was made in a 14 x 40 ft Harvestore on September 1, 4, and
7. The harvest was delayed 3 days by a heavy rain on September 1. The average
stage of maturity of the corn was glaze to flint. To exclude air, approximately
200 lb of dry ice (a carbon dioxide source) was placed in the air space above the
crop at the end of each filling day. Average DM of the crop was 54%.
All three structures were opened in early November, 1981 and the silages
were fed over a 6-month period. Although occasional interruptions in feeding
occurred, samples of each silage were collected every 4 or 5 days.
Each silage was full-fed to 12 yearling Hereford and Simmental steers
during a 57-day growing trial from January 4 to March 2, 1982. All steers were
individually fed twice and received 2.0 lb of supplement, daily (Table 16.1). Four
steers fed each silage received the control supplement throughout the trial; four
steers fed each silage received the bicarbonate throughout the trial; and four
steers, the bicarbonate supplement for the first 29 days and the control
supplement for the last 28 days. Sodium bicarbonate was added to the supplement
to provide 112 g per steer daily. Rations were formulated to contain 11.75%
crude protein, .5% calcium, and .3% phosphorus and to supply 150 mg of monensin
per steer daily.
All steers were weighed individually after 16 h without feed or water on 2
consecutive days at the start and again at the end of the trial. Two days before
the initial and final weighings, all steers were fed the same amount of feed (12
lb of ration dry matter). An intermediate weight was taken on day 28 after the
steers were without feed or water for 16 hours. Rumen fluid samples were
collected via stomach tube from all steers approximately 4 h after feeding on
days 29 and 58.
Two aerobic stability (bunk life) measurements were made on each silage
as described on page 32 of this Progress Report.
The two silages and cornlage were preserved and each had undergone
normal lactic acid fermentations. Chemical analyses are shown in Table 16.2. The
pH values were relatively low and, not surprisingly, the higher DM cornlage had
about 50% less lactic acid than the corn silages. There were no clostridial
fermentations, as evidenced by low NH3 -N and butyric acid values. Silo Guard II
corn silage had more lactic acid and hot water insoluble nitrogen than control




Steers fed Silo Guard II corn silage gained 3.5% faster and 8.3% more
efficiently than those fed control corn silage (Table 16.4). Although the
differences were not statistically significant, these results agree with two
previous trials which showed improved rate and efficiency of gains from Silo
Guard treated corn and sorghum silages (Progress Report 377, Kansas Agriculture
Expt .  Sta t ion) .  Steers  fed control  corn s i lage and cornlage had s imilar
performances, however those fed cornlage consumed nearly 1.0 lb less dry
matter, due at least in part, to a greater refusal of the cob and husk portion of
the drier cornlage. Studies at other universities have shown that the digestibility
of whole-plant corn silage increases to a maximum at the dough-dent stage and
decreases only slightly as the corn matures through the dent, glaze, flint, and
mature stages. Although bicarbonate numerically improved gain and feed intake,
the only statistically significant improvement was a faster rate of gain for steers
fed bicarbonate throughout the trial.
Rumen fluid analyses results are shown in Table 16.5. The addition of
bicarbonate did not consistently alter rumen fluid pH or VFA’s when fed in
combination with the corn silages or cornlage. Corn silage treatments had no
significant effect on rumen fluid pH. The molar proportion of acetate was
highest for steers fed cornlage and propionate was highest for steers fed control
corn silage. Steers fed control corn silage also had the lowest acetate to
propionate ratio; those fed cornlage, the highest. Since cattle use acetate less
efficiently than propionate, this could partially explain the slower gains for
steers fed cornlage.
Dry matter recoveries for the control and Silo Guard II corn silage were
s imilar  (Table  16.2) .  Resul ts  of  four  previous  t r ia ls  showed consis tent
improvements in DM recovery with Silo Guard silages compared with control
silages (Progress Reports 377, 394, and 413, Kansas Agriculture Expt. Station).























Vitamin mineral A 2
Trace mineral premix
Rumensin-60 3
1Added to provide 112 g/steer daily.
2 Added to provide 30,000 IU/steer daily.
3 Added to provide 150 mg/steer daily.
*Only one bag recovered.
Item
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Table 16.2. Chemical Analyses and Dry Matter Recoveries for the Two Corn
Silages and cornlage.
Corn silage




























% of total N
8.27 8.08 8.46
39.85 42.95 50.03
% of the DM ensiled








Table 16.3. Changes in Temperatures and Losses of Dry Matter During Air







silage Loss of DM**
Replication 1a :












**Percent of the DM exposed to air after 7 days.
a Silage removed from the structures on January 27, 1982.
b Silage removed from the structures on March 24, 1982.
*1.7 C rise or higher.
day 29
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Table 16.4. Performance of Steers Fed the Whole-plant Corn Silages and




Corn silage Sodium bicarbonate
Control Silo Guard II Cornlage Control bicarbonate control
No. of steers 12 12 12 12 12 12
Initial wt., lb 588.4 587.8 588.4 588.1 590.4 586.3
Final wt., lb 717.5 721.2 709.5 707.8 726.6 714.0
Avg. daily gain, lb 2.26 2.34 2.12 2.10b 2.39a 2.24a b
15.11 14.17 14.15 13.83 15 .01 14.59
1.80 1.80 1.80 1.80 1.80 1.80
16.91 15.97 15.95 15.63 16.81 16.39




Feed/lb of gain, lb1 7.55 6.92 7.68 7.42 7.20 7.54
1100% dry matter basis.
Values with different superscripts differ significantly (P<.05).
Table 16.5. Molar Proportions of Rumen Volatile Fatty Acids for Steers Fed the




Control Silo Guard II Cornlage Control1
Sodium
bicarbonate 2
6.50 6.38 6.51 6.45 6.47



















2.13 b 2.65 a 2.49 2.49
Molar %
Acetate 59.0b 61.1 b 61.9a 60.8
Propionate 25.7 a 24.7 a 23.8 b 24.9
Butyrate 11.2 10.6 10.4 10.7
1 Average of 12 steers for day 29 and 24 steers for day 58.
2 Average of 24 steers for day 29 and 12 steers for day 58.
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